Background: Bacterial and fungal infections are an emerging public health concern, especially in the context of nosocomial infections. This study discusses the use of peppermint (Mentha piperita L.) methanolic extract against bacterial strains such as Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, and Staphylococcus aureus and fungal species such as Trichophyton mentagrophytes, Trichophyton verrucosum, and Candida albicans. Objectives: This research aimed to investigate the inhibitory potential of M. piperita methanolic extract against some bacteria and fungi isolated from humans. Materials and Methods: The methanolic extract was prepared by standard procedure, and total phenol, total flavonoid, and total anthocyanin content were determined using a spectrophotometer. Antimicrobial activity against the aforementioned bacteria and fungi strains was evaluated using the disc diffusion method. Results: The contents of total phenol, flavonoid, and anthocyanin as well as antimicrobial activities and antifungal properties were enhanced by the increase of extract concentration. The results showed that the antimicrobial activity of leaf extract was more powerful against Bacillus subtilis (1.39 mm) than Staphylococcus aureus (1.29 mm), Escherichia coli (1.20 mm), and Pseudomonas aeruginosa (1.10 mm) based on the growth inhabitation zone. The most powerful antifungal activity of peppermint extract was observed against Trichophyton verrucosum and Trichophyton mentagrophytes (1.49 and 1.48 mm, respectively). Conclusions: Due to phenolic content, methanolic extract of M. piperita has moderate antibacterial and antifungal properties against the aforementioned gram positive and gram negative bacteria and fungi strains.
Background
Infections due to bacterial and fungal species remain a serious therapeutic problem. The widespread use of synthetic drugs has seen antibiotic resistances increase worldwide (1) . Because antibiotics in use today may not work tomorrow, the best solution to this serious problem may be the use of substitute drugs (2) . One source of new antimicrobial drugs is medicinal plants, which are used in traditional medicine. Since ancient times, medicinal plants have been helpful against many diseases. These plants and their derivatives may be a new approach to cases of resistant bacteria and fungi (3) .
M. piperita is one of the most important perennial medicinal herbs of the Lamiaceae family. It is cultivated in temperate zones, including America, Asia, and Europe (4) . Great attention has been paid to mint species due to their wide range of biological activities. Based on available evidence, the useful effects of M. piperita in the control and treatment of irritable bowel syndrome are known. This plant is also used in the treatment of inflammatory bowel diseases and gall bladder and liver insufficiencies (5) . Results of various studies have indicated that the medicinal effects of peppermint might be related to the dominant components, including menthol and menthone, present in its extract and essential oil, which are widely used as flavoring and antioxidants in foods, cosmetics, and hygienic products (6) . Menthol is used as a tonic in gastric problems, as a fever reducer, antitussive and antiemetic, and also as a disinfectant in pulmonary inflammations (7) . M. piperita extract exhibits antimicrobial activity against a range of bacteria, including various strains of Staphylococcus epidermidis, Pseudomonas syringae, Bacillus cereus, and Escherichia coli (8) and fungi including Alternaria alternate, Aspergillus niger, Penicillium funiculosum, and Trichophyton rubrum (9) . methanolic extract against bacteria such as Staphylococcus, Pseudomonas, Bacillus, and Escherichia coli and fungi including Trichophyton and Candida.
Materials and Methods
Peppermint plants were purchased from Pakan Bazr Company of Isfahan, Iran, in August, 2013.
The leaves were washed under running tap water and then air dried at room temperature for two weeks in the dark. Human pathogenic bacterial and fungal strains gram positive bacteria Bacillus subtilis (PTTC 1156, PTTC: Persian Type Culture Collection) and Staphylococcus aureus (PTTC 1189), gram negative bacteria Escherichia coli (PTCC 1399) and Pseudomonas aeruginosa (PTTC 1181), and the fungal species Trichophyton mentagrophytes, Trichophyton verrucosum, and Candida albicans were obtained from the medical diagnostics laboratory at Sina Hospital in Hamadan, Iran.
Preparation of Leaf Extract
The 2.5 g of dried peppermint leaves were pulverized and soaked in 25 mL of methanol as a solvent and shaken for 48 hours at 1200 r/min at 25°C. Methanolic extract was filtered through Whatman No. 1 filter paper and transferred to the incubator for three hours at 30°C to complete dryness. The resultant extract was collected and stored at 4°C until further tests (10).
Total Phenol Content
The Folin-Ciocalteu reagent method with slight modifications was used to measure total phenol content (11) . Extract of the treated leaves (0.5 mL of 1:10 g/mL) was mixed with Folin-Ciocalteu reagent (1500 μL, 1:10 diluted with distilled water), and after eight minutes, aqueous Na 2 CO 3 (1200 μL, 1 M) was added. Next the mixtures were shaken for 90 minutes in the dark at room temperature. Absorbance was read at 760 nm using a spectrophotometer. The same procedure was performed for all standard gallic acid solutions. Results were expressed as gallic acid equivalents (mg/g dry weight).
Total Flavonoids Content
Firstly, 2.8 ccdistillated water was dropped in an experimental tube. Then 0.1 cc AlCl 3 (10%) was added, and 0.1 cc of acetate potassium (1 mol/L) was added and mixed. Then 0.5 cc diluted methanolic extract was added. After 10 minutes at room temperature, the absorbance of the samples was determined at 430 nm. A standard curve was plotted using quercetin as a standard. Different concentrations of quercetin were prepared in 80% ethanol, and their absorbance was read at 430 nm by spectrophotometer. Findings were reported in mg quercetin/g dry weight by comparison with the quercetin standard (12).
Total Anthocyanin Content
The 0.05 mg of methanolic extract was diluted to 5 ml using an 80/20 (v/v) mixture of 95% methanol and 37% HCl. Absorbance was recorded at 532 nm using a spectrophotometer. Concentration of anthocyanin was calculated by the equation:
(1)
Where 402.3 is the absorbance of a solution containing 1% (w/v) of methanolic extract anthocyanins, 10,000 is the conversion factor from g/100 mL to mg/L, and DF is the dilution factor. Results are shown as mg/g dry weight (13).
Disc Diffusion Method
Screening of antibacterial and antifungal activities was performed by the standard disc diffusion method (14) . The previously mentioned bacterial strains were grown on Mueller Hinton Agar (MHA, Merck, 35 g/L) in an incubator at 28°C. The bacterial inoculum suspension was adjusted with distilled water to a concentration of the order of 108 CFU/mL. Briefly, 200 μL/mL of each bacterial suspension were added to the surface of sterile petri dishes (8 cm in diameter), which were filled with MHA medium (15 mL/per plate). Sterile discs (6 mm in diameter) were then impregnated with 20 μL of the different concentrations (0.005, 0.01, 0.02, and 0.04 μL/mL) of methanolic extract solution. The paper discs were dried and placed on the surface of the plates. After 48 hours of incubation at 28°C, the diameters of the growth inhibition zones were measured in mm. Gentamicin antibiotic discs were used as positive control, and 20 μL methanol were added to the filter discs as a negative control. The antifungal test was done in the same way as the antibacterial test, with some differences. Fungal strains were cultured on potato dextrose agar (PDA, Merck, 15 g/L) and incubated at 28°C until optimum density was obtained. The fungal suspension was made with distilled water to a concentration of the order of 106 spores/mL (15) , and the disc diffusion was performed as described. In addition, nystatin antibiotic discs were used as a positive control. Antimicrobial activity was evaluated by measuring the zones of inhibition against the test organisms.
Statistical Analysis
The experiment was carried out as a completely randomized design. It was triplicated. Results presented are the average of the obtained values. Data was calculated by analysis of general linear model (GLM) using SAS software version 9.2 followed by Duncan's protected least significant difference test (P ≤ 0.05). A data normalization test was performed.
Results
Variance analysis showed a significant difference (P ≤ 0.05) between extracts with different concentrations (0.005, 0.01, 0.02, and 0.04 μL of extract/ml of metha-nol) in total phenol, total flavonoid, and total anthocyanin content of peppermint (Table 1 ). The amounts of the above mentioned phytochemicals were enhanced by the increase of the extract concentration. Antimicrobial activity analysis indicated that there was also a significant difference between extracts with different concentrations in terms of their antibacterial and antifungal activities against all tested strains (P ≤ 0.05). In addition, the antimicrobial activity of the methanolic extract depended largely upon the concentration of the extract ( Table 2 ).
In the case of Bacillus subtilis, the highest concentration of methanolic extract of peppermint (0.04 μL/mL) showed a growth inhibition zone of 1.39 mm around the disc. The lowest concentration of methanolic extract (0.005 μL/mL) exhibited a growth inhibition zone of 1.09 mm. The diameter of the microbial inhibition zone for Staphylococcus aureus was found to be 1.29 mm for the highest concentration of methanolic extract. The lowest concentration of methanolic extract demonstrated 0.99 mm of growth inhibition for Staphylococcus aureus. For Escherichia coli and Pseudomonas aeruginosa, the zones of growth inhibition were 1.19 and 1.09 mm for the highest concentration of methanolic extract, respectively, and 0.99 and 0.89 mm for the lowest concentration of methanolic extract, respectively ( Table 2 ).
In the case of antifungal activity, the highest concentration of methanolic extract showed 1.48, 1.49, and 1.39 mm of growth inhibition around the disc on Trichophyton mentagrophytes, Trichophyton verrucosum, and Candida albicans, respectively. The diameters of the growth inhibition zones for the three above mentioned fungi were 1.18, 1.29, and 0.99 mm for the lowest concentration of methanolic extract, respectively. 
Discussion
In the present study, the inhibition activity of peppermint extract was lower than that of Gentamicin and Nystatin for all tested microorganisms. The highest antibacterial activity was detected against Staphylococcus aureus and the highest antifungal activity was obtained against Trichophyton mentagrophytes (Table 1 ). In addition, the highest concentration of extract exhibited the highest growth inhibition of all of the listed bacterial and fungal strains. It is considerable that the lowest concentration of peppermint extract, when compared with the negative control, showed growth inhibition in both bacterial and fungal strains. The varying degrees of sensitivity of the bacterial and fungal strains may be due to the intrinsic tolerance of the bacterial and fungal strains and to the combinations of phyto-compounds present in the extract. When compared with another extract, methanolic extract expressed higher activity against microorganisms. Chen and Blumberg (2008) reported larger extraction efficiencies of phenolic compounds in methanolic extracts than in aqueous ones, indicating that organic solvents are more efficient in extracting phenolic compounds than aqueous media (16) . In a previous study, it was reported that among the alcoholic extracts (methanol, ethanol, and methanol/ethanol) of peppermint, the methanol extract had maximum phenol content (10) . The phenolic compounds are known to be synthesized by plants in response to microbial infection. It is therefore possible that they can act as effective antimicrobial substances against a wide array of microorganisms (17) . The biologically active constituents of some plant extracts are considered to be antimicrobial agents because of their ability to bind to bacterial adhesions and thus disturb the availability of receptors on the surface (18) . Several studies have demonstrated a correlation between antimicrobial activity and chemical compounds in medicinal plants such as alkaloids, anthocyanins, flavonoids, and phenols (15) .
The phenolic constituents of the M. piperita extract are reported for their antimicrobial and antiviral activities as well as their strong antioxidant and antitumor action (4, 19) . The bactericidal properties of menthol and its effective inhibitory potential against gram positive bacteria has also previously been reported (8) . In a previous study, Sujana et al. (2013) evaluated the antibacterial potential of six extracts from the leaves, stems, and roots of M. piperita against pathogenic bacteria such as Bacillus subtilis, Streptococcus pneumonia, Staphylococcus aureus, Escherichia coli, Proteus vulgaris, and Klebsiella pneumonia by the agar well diffusion method (20) . They reported that the antimicrobial activity of the leaf extract was more powerful against Bacillus subtilis, Staphylococcus aureus, and Proteus vulgaris than against Escherichia coli, Streptococcus pneumonia, and Klebsiella pneumonia. Their report is consistent with our results. In the present study, all concentrations of the extracts from peppermint were shown to possess significant antibacterial activity, but growth inhibition was the most effective against Bacillus subtilis.
Overall, this study demonstrated the moderate antimicrobial activity of M. piperita extract against some human bacterial and fungal pathogens. However, additional clinical trials are necessary to confirm the above results for medical purposes. Due to the strong interest in natural drugs obtained from medicinal and aromatic plants, applications of the M. piperita extracts against these pathogens are recommended. We hope that in future, peppermint can be used widely as an antimicrobial agent.
